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EXECUTIVE SUMMARY 

This Regulatory Impact Analysis (RIA) discusses potential benefits, costs, and economic 

impacts of the Final Standards of Performance for Greenhouse Gas Emissions from New, 

Modified, and Reconstructed Stationary Sources: Electric Utility Generating Units (herein 

referred to as the EGU New, Modified, and Reconstructed Source GHG Standards). 

ES.1 Background and Context of Final Rule 

The final EGU New, Modified and Reconstructed Source GHG Standards will set emission 

limits for greenhouse gas emissions (GHG) from newly constructed, modified, and 

reconstructed fossil fuel-fired electricity generating units (EGUs). These limits will apply to 

carbon dioxide (CO2) emissions from any affected fossil fuel-fired EGU. The United States 

Environmental Protection Agency (EPA) is finalizing requirements for these sources because 

CO2 is an air pollutant under the Clean Air Act, section 111 (a) and (b) of the Act authorize the 

EPA to establish standards of performance for air pollutants emitted from source categories like 

the one here listed by the EPA because the source category causes, or contributes significantly 

to air pollution which may reasonably be anticipated to endanger public health or welfare.  

Fossil fuel-fired ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀǊŜ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƭŀǊƎŜǎǘ ǎǘŀǘƛƻƴŀǊȅ ǎƻǳǊŎŜ ŜƳƛǘǘŜǊǎ ƻŦ DIDǎ. As 

ǎǘŀǘŜŘ ƛƴ ǘƘŜ 9t!Ωǎ 9ƴŘŀƴƎŜǊƳŜƴǘ ŀƴŘ /ŀǳǎŜ ƻǊ /ƻƴǘǊƛōǳǘŜ CƛƴŘƛƴƎǎ ŦƻǊ DǊŜŜƴƘƻǳǎŜ DŀǎŜǎ 

Under Section 202(a) of the Clean Air Act (CAA) (74 FR 66518), and summarized in Chapter 3 of 

this RIA, the anthropogenic buildup of GHGs in the atmosphere is the cause of most of the 

observed global warming over the last 50 years.   

On June 25, 2013, in conjunction with the announcement of his Climate Action Plan, 

President Obama issued a Presidential Memorandum directing the EPA to issue a proposal to 

address carbon pollution from new power plants by September 30, 2013, and to issue 

άǎǘŀƴŘŀǊŘǎΣ ǊŜƎǳƭŀǘƛƻƴǎΣ ƻǊ ƎǳƛŘŜƭƛƴŜǎΣ ŀǎ ŀǇǇǊƻǇǊƛŀǘŜΣ ǿƘƛŎƘ ŀŘŘǊŜǎǎ ŎŀǊōƻƴ Ǉƻƭƭǳǘƛƻƴ ŦǊƻƳ 

ƳƻŘƛŦƛŜŘΣ ǊŜŎƻƴǎǘǊǳŎǘŜŘΣ ŀƴŘ ŜȄƛǎǘƛƴƎ ǇƻǿŜǊ ǇƭŀƴǘǎΦέ On September 20, 2013, pursuant to 

authority in CAA section 111(b), EPA Administrator Gina McCarthy signed proposed carbon 

pollution standards for newly constructed fossil fuel-fired power plants (79 FR 1430, January 8, 

2014).  

The EPA subsequently issued a Notice of Data Availability (NODA), soliciting comment 

on its initial interpretation of provisions in the Energy Policy Act of 2005 and the Internal 

Revenue Code, and also soliciting comment on a Technical Support Document, which addressed 

ǘƘŜǎŜ ǇǊƻǾƛǎƛƻƴǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇ ǘƻ ǘƘŜ ŦŀŎǘǳŀƭ ǊŜŎƻǊŘ ǎǳǇǇorting the proposed rule (79 FR 10750, 

February 26, 2014).    
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On June 2, 2014, Administrator McCarthy signed proposed standards of performance, 

also pursuant to CAA section 111(b), to limit emissions of CO2 from modified and reconstructed 

fossil fuel-fired electric utility steam generating units and stationary combustion turbines (79 FR 

34959, June 18, 2014). 

In this action, the EPA is finalizing standards of performance to limit emissions of CO2 

from newly constructed, modified, and reconstructed fossil fuel-fired electric utility steam 

generating units and stationary combustion turbines. Consistent with the requirements of CAA 

section 111(a) and (b), these standards reflect the degree of emission limitation achievable 

through the application of the best system of emission reduction (BSER) that the EPA has 

determined has been adequately demonstrated for each type of unit. 

ES.2  Summary of the Final Rule  

The EPA has determined that the BSER for newly constructed steam generating units is a 

supercritical pulverized coal (SCPC) unit using post-combustion partial carbon capture and 

storage (CCS) technology to meet an emission limitation of 1,400 lb CO2/MWh-gross. The 

standard for steam generating units that conduct modifications resulting in a potential hourly 

increase in CO2 emissions (mass per hour) of more than 10 percent1 is a unit-specific emission 

ƭƛƳƛǘŀǘƛƻƴ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŜŀŎƘ ƳƻŘƛŦƛŜŘ ǳƴƛǘΩǎ ōŜǎǘ ƻƴŜ-year historical performance during the 

years from 2002 to the time of the modification. For reconstructed steam generating units, the 

BSER is the most efficient demonstrated generating technology for these types of units (i.e., 

meeting a standard of performance consistent with a reconstructed boiler using most efficient 

steam conditions available, even if the boiler was not originally designed to do so).  

The BSER for primarily natural gas-fired stationary combustion turbines expected to 

serve intermediate and base load power demand is the use of well-designed, well-maintained, 

and well-operated natural gas combined cycle (NGCC) technology. These units will be required 

to meet an emission standard of 1,000 lb CO2/MWh-gross output (or 1,030 lb CO2/MWh of net 

energy output). For non-base load and multi-fuel-fired units, BSER is the use of clean fuels. 

The BSER determination and final standards for each affected EGU are shown in Table 

ES-1. The applicability of these standards based on the capacity and operation of a source are 

described in the preamble for this final rule.  The final standards for all source categories will be 

met on a 12-operating month rolling average basis.  

                                                      
1 More than 10 percent as compared to its highest potential during the previous five years. The EPA is not finalizing 

standards for units that conduct modifications with a potential hourly increase in CO2 of 10 percent of less. 
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ES.3  Key Findings of Economic Analysis  

CAA Section 111(b) requires that the new source performance standards (NSPS) be 

ǊŜǾƛŜǿŜŘ ŜǾŜǊȅ ŜƛƎƘǘ ȅŜŀǊǎΦ  !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘƛǎ ǊǳƭŜƳŀƪƛƴƎΩǎ ŀƴŀƭȅǎƛǎ ƛǎ ǇǊƛƳŀǊƛƭȅ ŦƻŎǳǎŜŘ ƻƴ 

projected impacts within the current eight-year NSPS timeframe.2 As explained in detail in this 

document, energy market data and projections support the conclusion that, even in the 

absence of this rule, expected economic conditions will lead electricity generators to choose 

new generation technologies that meet the standards without the need for additional controls.  

The base case modeling the EPA performed for this rule and for other recent air rules 

projects that, even in the absence of this action, new fossil-fuel fired capacity constructed 

through 2022 and the years following will most likely be NGCC capacity that complies with the 

final standards. Analyses performed both by the EPA and the Energy Information 

Administration (EIA) project that new compliant natural gas-fired units and renewable sources 

are likely to be the technologies of choice for new generating capacity due to current and 

projected economic market conditions.3  

 

 

 

 

 

 

 

 

 

                                                      
2 In some cases, conditions in the analysis year of 2022 (eight years from proposal) are represented by results of 

power sector modeling for the year 2020. An analysis year of 2023 (eight years from finalization) would not 
substantively alter the overall conclusions of this RIA. 

3  SeŜ ǘƘŜ 9L!Ωǎ нллф ǘƻ нлмр !ƴƴǳŀƭ 9ƴŜǊƎȅ hǳǘƭƻƻƪǎ ό!9hύΦ 
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Table ES-1. Summary of BSER and Final Standards for Affected EGUs 

Affected EGU BSER Standard 

Newly Constructed Fossil Fuel-Fired 
Steam Generating Units 

Efficient new SCPC utility boiler 
implementing partial CCS 

1,400 lb CO2/MWh-gross 

Modified Fossil Fuel-Fired Steam 
Generating Units 

Most efficient generation at the 
affected EGU achievable through a 

combination of best operating 
practices and equipment upgrades 

Sources making modifications 
resulting in an increase in CO2 
hourly emissions of more than 10 
percent are required to meet a 
unit-specific emission limit 
determined by the ǳƴƛǘΩǎ ōŜǎǘ 
historical annual CO2 emission rate 
(from 2002 to the date of the 
modification); the emission limit 
will be no more stringent than: 
 
1. 1,800 lb CO2/MWh-gross for 
sources with heat input > 2,000 
MMBtu/h. 

OR 
 

2. 2,000 lb CO2/MWh-gross for 
sourcŜǎ ǿƛǘƘ ƘŜŀǘ ƛƴǇǳǘ Җ нΣллл 
MMBtu/h. 

Reconstructed Fossil Fuel-Fired Steam 
Generating Units 

Most efficient generating 
technology at the affected EGU. 

1. 1,800 lb CO2/MWh-gross for 
sources with heat input > 2,000 
MMBtu/h. 

OR 
 

2. 2,000 lb CO2/MWh-gross for 
sƻǳǊŎŜǎ ǿƛǘƘ ƘŜŀǘ ƛƴǇǳǘ Җ нΣллл 
MMBtu/h. 

Newly Constructed and Reconstructed 
Natural Gas-Fired Stationary 
Combustion Turbines 

Efficient NGCC technology for 
natural gas-fired base load units 
and clean fuels for non-base load 

and multi-fuel-fired units. 

1. 1,000 lb CO2/MWh-gross or 
1,030 lb CO2/MWh-net for 
base load natural gas-fired 
units.  
                       

2. 120 lb CO2/MMBtu for non-
base load natural gas-fired 
units. 

3. 120 to 160 lb CO2/MMBtu for 
multi-fuel-fired units. 

Historically, the EPA has been notified of very few modifications (for criteria pollutants) 

or reconstructions under the NSPS provisions. As such, the EPA anticipates few covered units 

will trigger the reconstruction or modification provisions in the period of analysis.  

 Therefore, based on the analysis presented in Chapter 4 of this RIA, the EPA anticipates 

that the EGU New, Modified, and Reconstructed Source GHG Standards will result in negligible 

CO2 emission changes, energy impacts, quantified benefits, costs, and economic impacts by 
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2022. Accordingly, the EPA also does not anticipate this rule will have any significant impacts on 

the price of electricity, employment or labor markets, or the U.S. economy.  

Although the primary conclusion of the analysis presented in this RIA is that the 

standards for newly constructed EGUs will result in negligible costs and benefits, the EPA has 

also performed several illustrative analyses, in Chapter 5, that show the potential impacts of 

the rule if certain key assumptions were to change. This analysis finds that under conditions 

that deviate from current projections about natural gas prices, the monetized benefits of the 

standards to society likely outweigh the costs of the standards. The analysis also presents the 

costs and benefits that would occur in the unlikely case where assumptions about economic 

conditions do not change but an operator chooses to construct new coal-fired capacity. In that 

analysis, monetized benefits outweigh costs under a range of assumptions. 

The final standards provide the benefit of regulatory certainty that any new coal-fired 

power plant must limit CO2 emissions to the level of the standard of performance: 1,400 lb 

CO2/MWh.  The final standards also reduce regulatory uncertainty by defining the requirements 

to limit emissions of CO2 from new, modified, and reconstructed fossil fuel-fired steam 

generating sources.  

In addition, the EPA intends this rule to send a clear signal about the current and future 

status of CCS technology.  Additional CCS applications are expected to lead to improvements in 

this technologȅΩǎ performance and consequent reductions in its cost. Identifying post-

combustion partial CCS technology as the BSER for coal-fired power plants promotes further 

development and encourages continued research of CCS, 4,5  which is important for long-term 

CO2 emission reductions.   

The final standards also provide regulatory certainty for stationary combustion turbines 

that, along with new renewable sources, are expected to be the primary technology options to 

provide new generating capacity in the analysis period. Any new stationary combustion 

turbines must be well-designed, well-maintained, and well-operated.  

 

                                                      
4 Statement by Department of Energy Secretary Steven Chu. Statement by Secretary Chu. 

http://energy.gov/articles/building-clean-energy-partnerships-china-and-japan.  
5 CǊƛŜŘƳŀƴΣ 5ǊΦ Wǳƭƛƻ {Φ ά! ¦Φ{Φ ς /Ƙƛƴŀ //{ wƻŀŘƳŀǇΦέ [ŀǿǊŜƴŎŜ [ƛǾŜǊƳƻǊŜ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅ /ŀǊōƻƴ 

Management Program. http://www.nrcce.wvu.edu/cleanenergy/docs/Friedmann.pdf.  

http://energy.gov/articles/building-clean-energy-partnerships-china-and-japan
http://www.nrcce.wvu.edu/cleanenergy/docs/Friedmann.pdf
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CHAPTER 1 

INTRODUCTION AND BACKGROUND 

1.1 Introduction 

In this action, the U.S. Environmental Protection Agency (EPA) is adopting emission 

limits for greenhouse gases (GHGs), specifically carbon dioxide (CO2), emitted from fossil fuel-

fired EGUs. This document presents the expected economic impacts of the Electricity 

Generating Unit (EGU) New, Modified, and Reconstructed Source GHG Standards rule through 

2022, including some projections for years up to 2030. Based on the analysis presented in 

Chapter 4, the current forecast of economic conditions (e.g., price of natural gas) will lead 

electricity generators to choose fuels and technologies that will meet the final standards for 

new sources without the need for additional control, even in the absence of the rule. As a 

result, the final new source standards are expected to have no, or negligible, costs or quantified 

benefits associated with them. However, should forecast economic conditions change or 

operators choose to construct new coal-fired capacity, we project that emission reductions 

associated with the standard may result in monetized benefits exceeding the cost of control, 

and would also provide unquantified benefits. (See Chapter 5.)  The EPA has reached a similar 

conclusion for the final reconstruction and modification provisions.  Based on historical 

information that has been reported to the EPA, we anticipate few covered units will trigger the 

reconstruction or modification provisions in the period of analysis.  As a result, we anticipate 

negligible costs or benefits associated with those standards. This chapter contains background 

information on the rule and an outline of the chapters of the report. 

1.1.1  Legal Basis for this Rulemaking 

Section 111 of the Clean Air Act (CAA) requires performance standards for air pollutant 

emissions from categories of stationary sources which are listed by the EPA because they may 

reasonably contribute to the endangerment of public health or welfare. In April 2007, the 

Supreme Court ruled in State of Massachusetts v. EPA ǘƘŀǘ DIDǎ ƳŜŜǘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀƴ άŀƛǊ 

Ǉƻƭƭǳǘŀƴǘέ ǳƴŘŜǊ ǘƘŜ /!!Φ ¢Ƙƛǎ ǊǳƭƛƴƎ ŎƭŀǊƛŦƛŜŘ ǘƘŀǘ ǘƘŜ ŀǳǘƘƻǊƛǘƛŜǎ ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ /!! 

apply to GHGs. As a result, the EPA is authorized to make decisions about whether to regulate 

GHGs under certain provisions of the CAA, based on relevant statutory criteria. Because CO2 is 

an air pollutant emitted from a source category the EPA has listed for purposes of section 111, 

the EPA may establish standards under section 111 (a) and (b) for CO2 for this source category.  

In 2009, the EPA issued a final determination that emissions of certain specified GHGs endanger 

both the public health and the public welfare of current and future generations in the 

Endangerment and Cause or Contribute Findings for Greenhouse Gases Under Section 202(a) of 
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the CAA (74 FR 66,496; Dec. 15, 2009), and has explained in detail how emissions of CO2 from 

this source category cause or contribute significantly to air pollution that endangers health and 

welfare.  As described in Chapter 2, this source category contributes more CO2 than any other 

domestic stationary source.  

On June 25, 2013, in conjunction with the announcement of his Climate Action Plan, 

President Obama issued a Presidential Memorandum directing the EPA to issue a proposal to 

address carbon pollution from new power plants by September 30, 2013, and to issue 

άǎǘŀƴŘŀǊŘǎΣ ǊŜƎǳƭŀǘƛƻƴǎΣ ƻǊ ƎǳƛŘŜƭƛƴŜǎΣ ŀǎ ŀǇǇǊƻǇǊƛŀǘŜΣ ǿƘƛŎƘ ŀŘŘǊŜǎǎ ŎŀǊōƻƴ Ǉƻƭƭǳǘƛƻƴ ŦǊƻƳ 

ƳƻŘƛŦƛŜŘΣ ǊŜŎƻƴǎǘǊǳŎǘŜŘΣ ŀƴŘ ŜȄƛǎǘƛƴƎ ǇƻǿŜǊ ǇƭŀƴǘǎΦέ hƴ {ŜǇtember 20, 2013, pursuant to 

authority in CAA section 111(b), EPA Administrator Gina McCarthy signed proposed carbon 

pollution standards for newly constructed fossil fuel-fired power plants (79 FR 1430, January 8, 

2014).  

The EPA subsequently issued a Notice of Data Availability (NODA), soliciting comment 

on its initial interpretation of provisions in the Energy Policy Act of 2005 and the Internal 

Revenue Code, and also soliciting comment on a Technical Support Document, which addressed 

ǘƘŜǎŜ ǇǊƻǾƛǎƛƻƴǎΩ ǊŜlationship to the factual record supporting the proposed rule (79 FR 10750, 

February 26, 2014).  

On June 2, 2014, Administrator McCarthy signed proposed standards of performance, 

also pursuant to CAA section 111(b), to limit emissions of CO2 from modified and reconstructed 

fossil fuel-fired electric utility steam generating units and stationary combustion turbines (79 FR 

34959, June 18, 2014). 

In this action, the EPA is finalizing standards of performance to limit emissions of CO2 

from newly constructed, modified, and reconstructed fossil fuel-fired electric utility steam 

generating units and stationary combustion turbines. Consistent with the requirements of CAA 

section 111(b), these standards reflect the degree of emission limitation achievable through the 

application of the best system of emission reduction (BSER) that the EPA has determined has 

been adequately demonstrated for each type of unit. 
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1.1.2 Regulatory Analysis1  

In accordance with Executive Order (EO) 12866, EO 13563, and the 9t!Ωǎ DǳƛŘŜƭƛƴŜǎ ŦƻǊ 

Preparing Economic Analyses, the EPA prepared this Regulatory Impact Analysis (RIA) for this 

άsignificant regulatory action.έ ¢Ƙƛǎ ǊǳƭŜ ƛǎ ƴƻǘ ŀƴǘƛŎƛǇŀǘŜŘ ǘƻ ƘŀǾŜ ŀƴ ŀƴƴǳŀƭ ŜŦŦŜŎǘ ƻƴ ǘƘŜ 

economy of $100 million or more or adversely affect in a material way the economy, a sector of 

the economy, productivity, competition, jobs, the environment, public health or safety, or 

sǘŀǘŜΣ ƭƻŎŀƭΣ ƻǊ ǘǊƛōŀƭ ƎƻǾŜǊƴƳŜƴǘǎ ƻǊ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ƛǎ ǘƘŜǊŜŦƻǊŜ ƴƻǘ ŀƴ άeconomically 

significant ruleΦέ Iowever, under EO 12866 (58 FR 51,735, October 4, 1993), this action is a 

άǎƛƎƴƛŦƛŎŀƴǘ ǊŜƎǳƭŀǘƻǊȅ ŀŎǘƛƻƴέ ōŜŎŀǳǎŜ ƛǘ άǊŀƛǎŜǎ ƴƻǾŜƭ ƭŜƎŀƭ ƻǊ ǇƻƭƛŎȅ ƛǎǎǳŜǎ ŀǊƛǎƛƴƎ ƻǳǘ ƻŦ ƭŜƎŀƭ 

mandatesΦέ !ǎ ŀ ƳŀǘǘŜǊ ƻŦ ǇƻƭƛŎȅΣ ǘƘŜ 9t! Ƙŀǎ ŀǘǘŜƳǇǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀ ǘƘƻǊƻǳƎƘ ŀƴŀƭysis of the 

potential impacts of this rule, consistent with requirements of the Executive Orders. 

This RIA addresses the potential costs and benefits of the new, modified, and 

reconstructed source emission limits that are the focus of this action. As described in Chapter 4, 

the EPA does not anticipate any costs or quantified benefits will result from the new source 

standards if utilities and project developers make the type of choices related to new generation 

sources that are forecast by the EPAΩǎ ŀƴŘ 9L!Ωǎ models and that many publicly available utility 

integrated resource plans (IRPs) indicate  are likely.  However, if future economic conditions 

(e.g., natural gas prices) differ from these forecasts and utilities would have constructed new 

coal-fired units in the baseline, there could be some compliance costs. In these cases, the EPAΩǎ 

analysis shows that the rule will result in net benefits under a range of assumptions.  

For new sources the EPA and EIA, through their models2, project that new fossil-fired 

electric utility steam generating units and natural gas-fired stationary combustion turbines that 

meet the applicability criteria would meet the respective standards under this rule in the 

baseline where no such standards are implemented. Some limited new coal-fired units with 

federally-supported carbon capture and storage (CCS) are included in the modeling, though 

these units are expected to be compliant with the applicable standards under this rule. Because 

this rule does not change these forecasts, it is expected to have no, or negligible, costs,3 or 

quantified benefits. 

                                                      
1 The analysis in this RIA and the draft RIA that accompanied the proposal together constitute the economic 
ŀǎǎŜǎǎƳŜƴǘ ǊŜǉǳƛǊŜŘ ōȅ /!! ǎŜŎǘƛƻƴ омтΦ Lƴ ǘƘŜ 9t!Ωǎ ƧǳŘƎƳŜƴǘΣ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƛǎ ŀǎ ŜȄǘŜƴǎƛǾŜ as practicable 
ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ 9t!Ωǎ ǘƛƳŜΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ƻǘƘŜǊ ŘǳǘƛŜǎ ŀƴŘ ŀǳǘƘƻǊƛǘƛŜǎΦέ 

2 {ŜŜ ǘƘŜ 9L!Ωǎ нллф ǘƻ нлмр !ƴƴǳŀƭ 9ƴŜǊƎȅ hǳǘƭƻƻƪǎ ό!9hύΦ 
3 Any additional monitoring or reporting costs from this rule should be negligible because new generators would 

already be required to monitor and report their CO2 emissions under the information collection requirements 
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New non-compliant coal-fired units are not expected to be constructed in the baseline, 

due in part to the low cost of constructing and operating new NGCC units relative to the cost of 

new coal-fired units, relatively low forecast growth in electricity demand, and an expectation 

that the growth in end-use energy efficiency and renewable energy resources will continue. The 

expectation that no new non-compliant coal-fired units will be constructed in the baseline, and 

therefore that the promulgated standard of performance would not be a factor in decisions to 

construct, holds under a range of alternative baseline scenarios.  

Natural gas-fired combustion turbine units intended to serve as intermediate and base 

load generators constructed in the baseline are expected to be compliant with the standard, 

due in part to the cost-effectiveness of constructing and operating new combined cycle units 

relative to the cost of new simple cycle units. Absent significantly lower natural gas prices, the 

cost of electricity generated by combined cycle units operating at intermediate and base load 

capacity are lower than simple cycle units operating at the same capacity factor. 

Chapter 5 complements and extends the sector level analysis by examining conditions 

(e.g., significantly higher natural gas prices) in which conclusions regarding the future economic 

competitiveness of new non-compliant coal-fired units relative to other new generation 

technologies may differ from those in the sector-wide analysis. The analysis evaluates the cost 

and benefits of adopting different competing generating technologies to serve base load 

demand at an individual facility level. When considering a wide range of natural gas price 

assumptions, along with information on historical and projected gas prices, this illustrative 

facility-level analysis supports the conclusion that these final standards are highly likely to incur 

no costs or quantified benefits. Furthermore, the analysis examines the costs and benefits that 

would occur in the unlikely case where an investor might choose to construct new coal-fired 

capacity, and shows that the result is a net monetized benefit under a range of assumptions.    

As described in Chapter 6, the EPA has reached a similar conclusion for the 

reconstruction and modification provisions for both steam generating units and stationary 

combustion turbines.  The EPA has historically been notified of few modifications or 

reconstructions under the NSPS provisions and, as such, anticipates few covered units will 

                                                                                                                                                                           
contained in the existing part 75 and 98 regulations (40 CFR part 75 and 40 CFR part 98). Costs are only incurred 
if there has been a violation of an emission standard caused by a malfunction and a source chooses to assert an 
affirmative defense. The owner/operator must meet the burden of proving all of the requirements in an 
affirmative defense. See Chapter 7 for more details on monitoring and reporting costs. 
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trigger the NSPS reconstruction or modification provisions in the period of analysis. As a result, 

we do not anticipate any significant costs or benefits associated with this rule.  

1.2 Background for the Final EGU New, Modified, and Reconstructed Source GHG 
Standards 

1.2.1 Baseline and Years of Analysis 

The standards on which this analysis is based set GHG emission limits for new, modified, 

and reconstructed fossil fuel-fired EGUs. The baseline for this analysis, which uses the 

Integrated Planning Model (IPM), includes state rules that have been finalized and/or approved 

ōȅ ŀ ǎǘŀǘŜΩǎ ƭŜƎƛǎƭŀǘǳǊŜ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ agency as well as final federal rules. Additional legally 

binding and enforceable commitments for GHG reductions considered in the baseline are 

discussed in Chapter 4 of this RIA.  

All analyses are presented for compliance through the year 20224 and all estimates are 

presented in 2011 dollars. CAA Section 111(b) requires that the NSPS be reviewed every eight 

years.  As a result, this analysis is primarily focused on projected impacts within the current 

eight-year NSPS timeframe.  The 9t!Ωǎ ŦƛƴŘƛƴƎ ƻŦ ƴƻ ƴŜǿ ƴƻƴ-compliant units (and therefore, 

no projected costs or quantified benefits) is robust beyond the analysis period (past 2030) in 

both the IPM base cŀǎŜ ŀƴŘ ǘƘŜ 9L!Ωǎ !ƴƴǳŀƭ 9ƴŜǊƎȅ hǳǘƭƻƻƪ нлмп wŜŦŜǊŜƴŎŜ /ŀǎŜ ƳƻŘŜƭƛƴƎ 

projections. Furthermore, this finding is robust in the analysis period across a wide range of 

alternative potential market, technical, and regulatory scenarios that influence power sector 

investment decisions evaluated by EIA.5  Chapter 5 complements and extends the sector level 

analysis by examining conditions (e.g., significantly high natural gas prices) in which these 

conclusions regarding the future economic competitiveness of new non-compliant coal-fired 

units relative to other new generation technologies may differ. The analysis evaluates the cost 

and benefits of adopting different competing generating technologies to serve base load 

demand at an individual facility level. 

 Benefits and costs presented in the illustrative analyses in Chapter 5 of this RIA 

represent estimates from emission reductions under the finalized standards in a particular year. 

The latent and/or ongoing damages associated with pollution from these sources in a particular 

                                                      
4 In IPM, conditions in the analysis year of 2022 are represented by a model year of 2020. 
5 For example, in the 2014 AEO low gas resource sensitivity case, one of the scenarios most favorable to the 

construction of new coal capacity, the operation of new non-compliant coal capacity in the baseline is not 
forecast by the model until 2027.   
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analysis year are discounted to the analysis year. 6 The benefits and costs presented do not 

represent the net present value of a stream of benefits and costs due to emission reductions 

over time.  

1.2.2 Definition of Affected EGUs 

1.2.2.1 New Sources 

The statutory authority for this action is CAA section 111(b), which addresses standards 

of performance for new, modified, and reconstructed sources. The final standards for newly 

constructed fossil fuel-fired EGUs apply to those sources that commenced construction on or 

after January 8, 2014.  

1.2.2.2 Modified Sources 

A modification is any physical or operational change to a source that increases the 

amount of any air pollutant emitted by the source or results in the emission of any air pollutant 

not previously emitted. The final standards for modified fossil fuel-fired steam generating units 

apply to those sources that make modifications resulting in an increase of hourly CO2 emissions 

of more than 10 percent on or after June 18, 2014. However, projects to install pollution 

controls required under other CAA provisions are specifically exempted from the definition of 

άƳƻŘƛŦƛŎŀǘƛƻƴǎέ ǳƴŘŜǊ пл /Cw 60.14(e)(5), even if they emit CO2 as a byproduct.  

1.2.2.3 Reconstructed Sources 

¢ƘŜ 9t!Ωǎ /!! ǎŜŎǘƛƻƴ ммм ǊŜƎǳƭŀǘƛƻƴǎ ǇǊƻǾƛŘŜ ǘƘŀǘ ǊŜŎƻƴǎǘǊǳŎǘŜŘ ǎƻǳǊŎŜǎ ŀǊŜ ǘƻ ōŜ 

treated as new sources and, therefore, subject to new source standards of performance. The 

regulations define reconstructed sources, in general, as existing sources: (i) that replace 

components to such an extent that the capital costs of the new components exceed 50 percent 

of the capital costs of an entirely new facility and (ii) for which compliance with standards of 

performance for new sources is technologically and economically feasible (40 CFR 60.15). The 

final standards for reconstructed fossil fuel-fired EGUs apply to those sources that reconstruct 

on or after June 18, 2014. 

                                                      
6 The CO2-related benefits, which are estimated using the social cost of carbon, vary depending on the year in 

which the change in CO2 emissions occurs.  The social cost of carbon increases over time because future 
emissions are expected to produce larger incremental damages as physical and economic systems become 
more stressed in response to greater climatic change.  The EPA relied on a national-average benefit per-ton 
method to estimate PM2.5-related health impacts of SO2 and NOX emissions. Despite our attempts to quantify 
and monetize as many of the co-benefits of reducing emissions from electricity generating sources as possible, 
not all known health and non-health co-benefits are accounted for in this assessment. See Chapter 3 for details. 



1-7 

1.2.3 Regulated Pollutant 

These final standards set limits for emissions of CO2 from affected EGUs. The EPA is 

aware that other GHGs such as nitrous oxide (N2O) and to a lesser extent, methane (CH4), may 

be emitted from fossil-fuel-fired EGUs, especially from coal-fired circulating fluidized bed 

combustors and from units with selective catalytic reduction and selective non-catalytic 

reduction systems installed for nitrogen oxide (NOX) control. The EPA is not setting separate 

N2O or CH4 emission limits or an equivalent CO2 emission limit because of a lack of available 

data for these affected EGUs. Additional information on the quantity and significance of 

emissions and on the availability of cost effective controls would be needed before setting 

standards for these pollutants. 

1.2.4 Emission Limits 

The EPA has determined that the BSER for newly constructed steam generating units is a 

supercritical pulverized coal (SCPC) unit with post-combustion partial CCS technology.  The 

standard of performance achievable using that BSER is 1,400 lb CO2/MWh-gross. The standard 

for modified steam generating units that conduct modifications resulting in a potential hourly 

increase in CO2 emissions (mass per hour) of more than 10 percent7 is a unit-specific emission 

ƭƛƳƛǘŀǘƛƻƴ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŜŀŎƘ ƳƻŘƛŦƛŜŘ ǳƴƛǘΩǎ ōŜǎǘ ƻƴŜ-year historical performance during the 

years from 2002 to the time of the modification. For reconstructed steam generating units, the 

BSER is the most efficient demonstrated generating technology for these types of units (i.e., 

meeting a standard of performance consistent with a reconstructed boiler using most efficient 

steam conditions available, even if the boiler was not originally designed to do so).  

The BSER for new and reconstructed primarily natural gas-fired combustion turbines 

expected to serve intermediate and base load is the use of well-designed, well-maintained, and 

well-operated natural gas combined cycle (NGCC) technology. The standard of performance 

achievable using that BSER is 1,000 lb/CO2/MWh-gross. 

The applicability of these standards is based on the capacity and operation of a source 

and is described in the preamble for this final rule.  The final standards will be met on a 12-

operating month rolling average basis. The BSER determination and final standards for each 

affected EGU are shown in Table 1-1. 

                                                      
7 More than 10 percent as compared to its highest potential to emit in the past 5 years. The EPA is deferring issuing 

standards for units that conduct modifications with a potential hourly increase in CO2 of 10 percent or less. 
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Table 1-1. Summary of BSER and Final Standards for Affected EGUs 

Affected EGU BSER Standard 

Newly Constructed Fossil Fuel-Fired 
Steam Generating Units 

Efficient new SCPC utility boiler 
implementing partial CCS 

1,400 lb CO2/MWh-gross 

Modified Fossil Fuel-Fired Steam 
Generating Units 

Most efficient generation at the 
affected EGU achievable through a 

combination of best operating 
practices and equipment upgrades 

Sources making modifications 
resulting in an increase in CO2 
hourly emissions of more than 10 
percent are required to meet a 
unit-specific emission limit 
ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ǳƴƛǘΩǎ ōŜǎǘ 
historical annual CO2 emission rate 
(from 2002 to the date of the 
modification); the emission limit 
will be no more stringent than: 
 
1. 1,800 lb CO2/MWh-gross for 
sources with heat input > 2,000 
MMBtu/h. 

OR 
 

2. 2,000 lb CO2/MWh-gross for 
ǎƻǳǊŎŜǎ ǿƛǘƘ ƘŜŀǘ ƛƴǇǳǘ Җ нΣллл 
MMBtu/h. 

Reconstructed Fossil Fuel-Fired Steam 
Generating Units 

Most efficient generating 
technology at the affected EGU. 

1. 1,800 lb CO2/MWh-gross for 
sources with heat input > 2,000 
MMBtu/h. 

OR 
 

2. 2,000 lb CO2/MWh-gross for 
sƻǳǊŎŜǎ ǿƛǘƘ ƘŜŀǘ ƛƴǇǳǘ Җ нΣллл 
MMBtu/h. 

Newly Constructed and Reconstructed 
Natural Gas-Fired Stationary 
Combustion Turbines 

Efficient NGCC technology for 
natural gas-fired base load units 
and clean fuels for non-base load 

and multi-fuel-fired units. 

4. 1,000 lb CO2/MWh-gross or 
1,030 lb CO2/MWh-net for 
base load natural gas-fired 
units.                        

5. 120 lb CO2/MMBtu for non-
base load natural gas-fired 
units. 

6. 120 to 160 lb CO2/MMBtu for 
multi-fuel-fired units. 

1.2.5 Emission Reductions 

As will be discussed in more detail in Chapter 4 of this RIA, the EPA anticipates that the 

EGU New, Modified, and Reconstructed Source GHG Standards will result in negligible changes 

in GHG emissions over the analysis period. The EPA expects that owners of new units will 

choose generation technologies that meet these standards in the baseline due to expected 

economic conditions in the marketplace. Based on historical precedent, the EPA anticipates few 
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covered units will trigger the NSPS reconstruction or modification provisions in the period of 

analysis. As a result, we do not anticipate any significant costs or monetized benefits associated 

with this rule. 

1.3 Organization of the Regulatory Impact Analysis 

This report presents the 9t!Ωǎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ potential benefits, costs, and other 

economic effects of the EGU New, Modified, and Reconstructed Source GHG Standards to fulfill 

the requirements of an RIA. This RIA includes the following chapters: 

Á Chapter 2, Electric Power Sector Profile, describes the industry affected by the rule.  

Á Chapter 3, Benefits of Reducing GHGs and Other Pollutants, describes the effects of 
emissions on climate and health and provides background information to support 
the benefits analysis. 

Á Chapter 4, Costs, Economic, and Energy Impacts of the New Source Standards, 
describes impacts of the rule for new sources. 

Á Chapter 5, Analysis of Illustrative Benefit-Cost Scenarios for New Sources, describes 
additional analyses examining potential impacts under a range of scenarios. 

Á Chapter 6, Modified and Reconstructed Sources, describes the potential impacts of 
the standards for modified and reconstructed sources. 

Á Chapter 7, Statutory and Executive Order Impact Analyses, describes the small 
business, unfunded mandates, paperwork reduction act, environmental justice, and 
other analyses conducted for the rule to meet statutory and Executive Order 
requirements.  
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CHAPTER 2 

ELECTRIC POWER SECTOR PROFILE 

2.1  Introduction 

This chapter discusses important aspects of the power sector that relate to the EGU 

New, Modified and Reconstructed Source GHG Standards, including the types of electricity 

generating units (EGUs) affected by the regulation, and provides background on the power 

sector and EGUs. In addition, this chapter provides some historical background on trends in the 

past decade in the power sector, as well as about existing U.S. Environmental Protection 

Agency (EPA) regulation of the power sector. 

In the past decade there have been significant structural changes in the both the mix of 

generating capacity and in the share of electricity generation supplied by different types of 

generation. These changes are the result of multiple factors in the power sector, including 

normal replacements of older generating units with new units, changes in the electricity 

intensity of the U.S. economy, growth and regional changes in the U.S. population, 

technological improvements in electricity generation from both existing and new units, changes 

in the prices and availability of different fuels, and substantial growth in electricity generation 

by renewable and unconventional methods. Many of these trends will continue to contribute to 

the evolution of the power sector. The evolving economics of the power sector, in particular 

the increased natural gas supply and subsequent relatively low natural gas prices, have resulted 

in more gas being utilized as base load energy in addition to supplying electricity during peak 

load. This chapter presents data on the evolution of the power sector from 2002 through 2012. 

Projections of new capacity and the impact of this rule on these new sources are discussed in 

more detail in Chapter 4 of this Regulatory Impact Assessment (RIA). 

2.2  Power Sector Overview 

The production and delivery of electricity to customers consists of three distinct 

segments: generation, transmission, and distribution.  

2.2.1  Generation 

Electricity generation is the first process in the delivery of electricity to consumers. 

There are two important aspects of electricity generation: capacity and net generation. 

Generating capacity refers to the maximum amount of production from an EGU in a typical 

hour, typically measured in megawatts (MW) or gigawatts (1 GW = 1,000 MW).  Electricity 

generation refers to the amount of electricity actually produced by EGUs, measured in kilowatt-
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hours (kWh) or gigawatt-hours (GWh = 1 million kWh). In addition to producing electricity for 

sale to the grid, generators perform other services important to reliable electricity supply, such 

as providing backup generating capacity in the event of unexpected changes in demand or 

unexpected changes in the availability of other generators. Other important services provided 

by generators include facilitating the regulation of the voltage of supplied generation. 

Individual EGUs are not used to generate electricity 100 percent of the time.  Individual 

EGUs are periodically not needed to meet the regular daily and seasonal fluctuations of 

electricity demand. Furthermore, EGUs relying on renewable resources such as wind, sunlight, 

and surface water to generate electricity are routinely constrained by the availability of 

adequate wind, sunlight, or water at different times of the day and season. Units are also 

unavailable during routine and unanticipated outages for maintenance.  These factors result in 

the mix of generating capacity types available (i.e., the share of capacity of each type of EGU) 

being substantially different than the mix of the share of total electricity produced by each type 

of EGU in a given season or year.  

Most of the existing capacity generates electricity by creating heat to generate high 

pressure steam that is released to rotate turbines which, in turn, create electricity. Natural gas 

combined cycle (NGCC) units have two generating components operating from a single source 

of heat.  The first cycle is a gas-fired turbine, which generates electricity directly from the heat 

of burning natural gas. The second cycle reuses the waste heat from the first cycle to generate 

steam, which is then used to generate electricity from a steam turbine.  Other EGUs generate 

electricity by using water or wind to rotate turbine, and a variety of other methods also make 

up a small, but growing, share of the overall electricity supply. The generating capacity includes 

fossil-fuel-fired units, nuclear units, and hydroelectric and other renewable sources (see Table 

2-1). Table 2-1 also shows the comparison between the generating capacity in 2002 and 2012. 

In 2012, the power sector consisted of over 19,000 generating units with a total 

capacity1 of 1,168 GW, an increase of 188 GW (or 19 percent) from the capacity in 2002 (980 

                                                      
1 As with all data presented in this section, this includes generating capacity not only at EGUs primarily operated to 

supply electricity to the grid, but also generating capacity at commercial and industrial facilities that produce 
both electricity used onsite as well as dispatched to the grid. Unless otherwise indicated, capacity data 
presented in this RIA is installed nameplate capacity (also known as nominal capacity), defiƴŜŘ ōȅ 9L! ŀǎ άThe 
maximum rated output of a generator, prime mover, or other electric power production equipment under 
specific conditions designated by the manufacturer.έ bŀƳŜǇƭŀǘŜ ŎŀǇŀŎƛǘȅ ƛǎ ŎƻƴǎƛǎǘŜƴǘƭȅ ǊŜǇƻǊǘŜŘ ǘƻ ǊŜƎǳƭŀǘƻǊȅ 
authorities with a common definition, where alternate measures of capacity (e.g., net summer capacity and net 
winter capacity) can use a variety of definitions and specified conditions. 
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GW). The 188 GW increase consisted primarily of natural gas fired EGUs (134 GW) and wind 

generators (55 GW), with substantially smaller net increases and decreases in other types of 

generating units.  

Table 2-1.         Existing Electricity Generating Capacity by Energy Source, 2002 and 2012 

  2002 2012 Change Between '02 and '12 

Energy Source 

Generator 
Nameplate 
Capacity 

(MW) 
% Total 
Capacity 

Generator 
Nameplate 
Capacity 

(MW) 
% Total 
Capacity 

% 
Increase 

Nameplate 
Capacity 
Change 
(MW) 

% of Total 
Capacity 
Increase 

Coal 338,199 35% 336,341 29% -1% -1,858 -1% 

Natural Gas1 352,128 36% 485,957 42% 38% 133,829 71% 

Nuclear 104,933 11% 107,938 9% 3% 3,005 2% 

Hydro 96,344 10% 99,099 8% 3% 2,755 1% 

Petroleum 66,219 7% 53,789 5% -19% -12,430 -7% 

Wind 4,531 0.5% 59,629 5.1% 1216% 55,098 29% 

Other Renewable 14,208 1.5% 20,986 1.8% 47.7% 6,778 3.6% 

Misc 3,023 0.3% 4,257 0.4% 40.8% 1,234 0.7% 

Total 979,585 100% 1,167,995 100% 19% 188,410 100% 

Note: This table presents generation capacity. Actual net generation is presented in Table 2-2. 

  

Source: U.S. EIA Electric Power Annual, 2014. Downloaded from EIA Electricity Data Browser, Electric Power Plants 
Generating Capacity By Source, 2000 ς 2013.  Available at http://www.eia.gov/electricity/data.cfm#gencapacity.  

1 Natural Gas information in this chapter (unless otherwise stated) reflects data for all generating units using 
natural gas as the primary fossil heat source.  This includes Combined Cycle Combustion Turbine (31 percent of 
2012 NG-fired capacity), Gas Turbine (30 percent), Combined Cycle Steam (19 percent), Steam Turbine (17 
percent), and miscellaneous (< 1 percent). 

The 19 percent increase in generating capacity is the net impact of newly built 

generating units, retirements of generating units, and a variety of increases and decreases to 

the nameplate capacity of individual existing units due to changes in operating equipment, 

changes in emission controls, etc. During the period 2002 to 2012, a total of 315,752 MW of 

new generating capacity was built and brought online, and 64,763 MW existing units were 

retired. The net effect of the re-rating of existing units reduced the total capacity by 62,579 

MW. The overall net change in capacity was 188,410 MW, as shown in Table 2-1. 

The newly built generating capacity was primarily natural gas (226,605 MW), which was 

partially offset by gas retirements (29,859 MW). Wind capacity was the second largest type of 

http://www.eia.gov/electricity/data.cfm#gencapacity
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new builds (55,583 MW), augmented by 2,807 MW of solar.2  The overall mix of newly built and 

retired capacity, along with the net effect, is shown on Figure 2-1. 

 

Figure 2-1.  New Build and Retired Capacity (MW) by Fuel Type, 2002-2012 
Source: EIA Form 860 
Not displayed: wind and solar retirements = 87 MW, net change in coal capacity = -56 MW 

In 2012, electric generating sources produced a net 4,048 trillion kWh to meet electricity 

demand, a 5 percent increase from 2002 (3,858 trillion kWh). As presented in Table 2-2, almost 

70 percent of electricity in 2012 was produced through the combustion of fossil fuels, primarily 

coal and natural gas, with coal accounting for the largest single share. Although the share of the 

total generation from fossil fuels in 2012 (67 percent) was only modestly smaller than the total 

fossil share in 2002 (71 percent), the mix of fossil fuel generation changed substantially during 

that period.  Coal generation declined by 22 percent and petroleum generation by 75 percent, 

while natural gas generation increased by 77 percent.  This reflects both the increase in natural 

gas capacity during that period as well as an increase in the utilization of new and existing gas 

EGUs during that period. Wind generation also grew from a very small portion of the overall 

total in 2002 to 3.5 percent of the 2012 total. 

                                                      
2 Partially offset by 87 MW retired wind or solar capacity.   
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Table 2-2.  Net Generation in 2002 and 2012 (Trillion kWh = TWh) 

 
2002 2012 Change Between '02 and '12 

  

Net 

Generation 

(TWh)  

Fuel 

Source 

Share 

Net 

Generation 

(TWh)  

Fuel Source 

Share 

Net 

Generation 

Change 

(TWh)  

% Change in 

Net 

Generation 

Coal 1,933.1 50% 1,514.0 37% -419.1 -21.7% 

Natural Gas 702.5 18% 1,237.8 31% 535.3 76.2% 

Nuclear 780.1 20% 769.3 19% -10.7 -1.4% 

Hydro 255.6 7% 271.3 7% 15.7 6.1% 

Petroleum 94.6 2.5% 23.2 0.6% -71.4 -75.5% 

Wind 10.4 0.3% 140.8 3.5% 130.5 1260.0% 

Other Renewable 68.8 1.8% 77.5 1.9% 8.8 12.7% 

Misc 13.5 0.4% 12.4 0.3% -1.2 -8.7% 

Total 3,858 100% 4,046 100% 188 5% 

Source: U.S. EIA Monthly Energy Review, July 2014. Table 7.2a Electricity Net Generation: Total (All Sectors).  
Available at http://www.eia.gov/totalenergy/data/monthly/. Accessed 7/29/2015 

 

Coal-fired and nuclear generating units have hisǘƻǊƛŎŀƭƭȅ ǎǳǇǇƭƛŜŘ άōŀǎŜ ƭƻŀŘέ ŜƭŜŎǘǊƛŎƛǘȅΣ 

the portion of electricity loads which are continually present, and typically operate throughout 

all hours of the year. The coal units meet the part of demand that is relatively constant. 

Although much of the coal fleet operates as base load, there can be notable differences across 

various facilities (see Table 2-3). For example, coal-fired units less than 100 megawatts (MW) in 

size compose 37 percent of the total number of coal-fired units, but only 6 percent of total coal-

fired capacity. Gas-fired generation is better able to vary output and is the primary option used 

to meeǘ ǘƘŜ ǾŀǊƛŀōƭŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƭƻŀŘ ŀƴŘ Ƙŀǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ǎǳǇǇƭƛŜŘ άǇŜŀƪέ ŀƴŘ 

άƛƴǘŜǊƳŜŘƛŀǘŜέ ǇƻǿŜǊΣ ǿƘŜƴ ǘƘŜǊŜ ƛǎ ƛƴŎǊŜŀǎŜŘ ŘŜƳŀƴŘ for electricity (for example, when 

businesses operate throughout the day or when people return home from work and run 

appliances and heating/air-conditioning), versus late at night or very early in the morning, when 

demand for electricity is reduced.  

Table 2-3 also shows comparable data for the capacity and age distribution of natural 

gas units. Compared with the fleet of coal EGUs, the natural gas fleet is generally smaller and 

newer.  While 55 percent of the coal EGU fleet is over 500 MW per unit, 77 percent of the gas 

fleet is between 50 and 500 MW per unit. Many of the largest gas units are gas-fired steam-

generating EGUs.  

http://www.eia.gov/totalenergy/data/monthly/
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Table 2-3.  Coal and Natural Gas Generating Units, by Size, Age, Capacity, 
and Thermal Efficiency (Heat Rate) 

Unit Size 
Grouping 

(MW) 
No. 

Units 
% of All 
Units 

Avg. 
Age 

Avg. Net 
Summer 
Capacity 
(MW) 

Total Net 
Summer 
Capacity 
(MW) 

% Total 
Capacity 

Avg. Heat 
Rate 

(Btu/kWh) 

COAL 

0 ς 24 223 18% 40.7 11.4 2,538 1% 11,733 

25 ς 49 108 9% 44.2 36.7 3,963 1% 11,990 

50 ς 99 157 12% 49.0 74.1 11,627 4% 11,883 

100 - 149 128 10% 50.6 122.7 15,710 5% 10,971 

150 - 249 181 14% 48.7 190.4 34,454 11% 10,620 

250 - 499 205 16% 38.4 356.2 73,030 23% 10,502 

500 - 749 187 15% 35.4 604.6 113,056 36% 10,231 

750 - 999 57 5% 31.4 823.9 46,963 15% 9,942 

1000 - 1500 11 1% 35.7 1259.1 13,850 4% 9,732 

Total Coal 1257 100% 42.6 250.7 315,191 100% 11,013 

NATURAL GAS 

0 ς 24 1992 37% 37.6 7.0 13,863 3% 13,531 

25 ς 49 410 8% 21.8 125.0 51,247 12% 9,690 

50 - 99 962 18% 15.6 174.2 167,536 39% 8,489 

100 - 149 802 15% 23.4 39.9 31,982 8% 11,765 

150 - 249 167 3% 28.7 342.4 57,179 13% 9,311 

250 - 499 982 18% 24.6 71.1 69,788 16% 12,083 

500 - 749 37 1% 40.0 588.8 21,785 5% 11,569 

750 - 1000 14 0.3% 35.9 820.9 11,492 3% 10,478 

Total Gas 5366 100% 27.7 79.2 424,872 100% 11,652 

 

Source: National Electric Energy Data System (NEEDS) v.5.14 

Note: The average heat rate reported is the mean of the heat rate of the units in each size category (as opposed to 
a generation-weighted or capacity-weighted average heat rate.) A lower heat rate indicates a higher level of fuel 
efficiency. Table is limited to coal-steam units in operation in 2013 or earlier, and excludes those units in NEEDS 
with planned retirements in 2014 or 2015. 

In terms of the age of the generating units, 50 percent of the total coal generating 

capacity has been in service for more than 38 years, while 50 percent of the natural gas 

capacity has been in service less than 15 years.  Figure 2-2 presents the cumulative age 

distributions of the coal and gas fleets, highlighting the pronounced differences in the ages of 

the fleets of these two types of fossil-fuel generating capacity. Figure 2-2 also includes the 

distribution of generation. 
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Figure 2-2. Cumulative Distribution in 2010 of Coal and Natural Gas Electricity Capacity and 
Generation, by Age 
Source: National Electric Energy Data System (NEEDS) v.5.13 

Not displayed: coal units (376 MW total, 1 percent of total) and gas units (62 MW, < .01 percent of total)) over 70 
years old for clarity. Figure is limited to coal-steam units in NEEDS v.5.13 in operation in 2013 or earlier (excludes 
~2,100 MW of coal-fired IGCC and fossil waste capacity), and excludes those units in NEEDS with planned 
retirements in 2014 or 2015. 

 

The locations of existing fossil units in the EPAΩs National Electric Energy Data System 

(NEEDS) v.5.13 are shown in Figure 2-3. 
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Figure 2-3. Fossil Fuel-Fired Electricity Generating Facilities, by Size 
Source: National Electric Energy Data System (NEEDS) v.5.13 

Note: This map displays fossil capacity at facilities in the NEEDS v.5.13 IPM frame. NEEDS v.5.13 reflects 

generating capacity expected to be online at the end of 2015. This includes planned new builds already under 

construction and planned retirements. In areas with a dense concentration of facilities, some facilities may be 

obscured.  

2.2.2  Transmission 

Transmission is the term used to describe the bulk transfer of electricity over a network 

of high voltage lines, from electric generators to substations where power is stepped down for 

local distribution. In the U.S. and Canada, there are three separate interconnected networks of 

high voltage transmission lines,3 each operating synchronously. Within each of these 

transmission networks, there are multiple areas where the operation of power plants is 

monitored and controlled to ensure that electricity generation and load are kept in balance. In 

some areas, the operation of the transmission system is under the control of a single regional 

                                                      
3 These three network interconnections are the Western Interconnection, comprising the western parts of both the 

U.S. and Canada (approximately the area to the west of the Rocky Mountains), the Eastern Interconnection, 
comprising the eastern parts of both the U.S. and Canada (except those part of eastern Canada that are in the 
Quebec Interconnection), and the Electric Reliability Council of Texas (ERCOT) Interconnection, comprising 
most of Texas. See map of all NERC interconnections at 
http://www.nerc.com/AboutNERC/keyplayers/Documents/NERC_Interconnections_Color_072512.jpg 
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operator. In others, individual utilities coordinate the operation of their generation, 

transmission, and distribution systems to balance their common generation and load needs. 

2.2.3  Distribution 

Distribution of electricity involves networks of lower voltage lines and substations that 

take the higher voltage power from the transmission system and step it down to lower voltage 

levels to match the needs of customers. The transmission and distribution system is the classic 

example of a natural monopoly, in part because it is not practical to have more than one set of 

lines running from the electricity generating sources to substations or from substations to 

residences and businesses. 

Over the last couple of decades, several jurisdictions in the United States began 

restructuring the power industry to separate transmission and distribution from generation, 

ownership, and operation. Historically, the transmission system had been developed by 

vertically integrated utilities, establishing much of the existing transmission infrastructure.  

However, as parts of the country have restructured the industry, transmission infrastructure 

has also been developed by transmission utilities, electric cooperatives, and merchant 

transmission companies, among others. Distribution, also historically developed by vertically 

integrated utilities, is now often managed by a number of utilities that purchase and sell 

electricity, but do not generate it. As discussed below, electricity restructuring has focused 

primarily on efforts to reorganize the industry to encourage competition in the generation 

segment of the industry, including ensuring open access of generation to the transmission and 

distribution services needed to deliver power to consumers. In many states, such efforts have 

also included separating generation assets from transmission and distribution assets to form 

distinct economic entities. Transmission and distribution remain price-regulated throughout the 

country based on the cost of service. 

2.3  Sales, Expenses, and Prices 

These electric generating sources provide electricity for ultimate commercial, industrial, 

and residential customers.  Each of the three major categories of ultimate customers consume 

roughly a quarter to a third of the total electricity produced4 (see Table 2-4). Some of these uses 

are highly variable, such as heating and air conditioning in residential and commercial buildings, 

                                                      
4 Transportation (primarily urban and regional electrical trains) is a fourth ultimate customer category which 

accounts less than one percent of electricity consumption. 
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while others are relatively constant, such as industrial processes that operate 24 hours a day. 

The distribution between the end use categories changed very little between 2002 and 2012. 

Table 2-4.  Total U.S. Electric Power Industry Retail Sales in 2012 (billion kWh) 

  2002 2012 

    

Sales/Direct 
Use (Billion 

kWh) 
Share of Total 

End Use 

Sales/Direct 
Use (Billion 

kWh) 
Share of Total End 

Use 

Sales 

Residential 1,265 35% 1,375 35.9% 

Commercial 1,104 30% 1,327 34.6% 

Industrial 990 27% 986 25.7% 

Transportation NA -  7 0.2% 

Other 106 3% NA -  

Total   3,465 95% 3,695 96% 

Direct Use 166 5% 138 4% 

Total End Use 3,632 100% 3,832 100% 

Source: Table 2.2, EIA Electric Power Annual, 2013 
Notes:  

Retail sales are not equal to net generation (Table 2-2) because net generation includes net exported electricity 
and loss of electricity that occurs through transmission and distribution. 

Direct Use represents commercial and industrial facility use of onsite net electricity generation; and electricity 
sales or transfers to adjacent or co-located facilities for which revenue information is not available. 

2.3.1 Electricity Prices 

Electricity prices vary substantially across the United States, differing both between the 

ultimate customer categories and also by state and region of the country. Electricity prices are 

typically highest for residential and commercial customers because of the relatively high costs 

of distributing electricity to individual homes and commercial establishments. The high prices 

for residential and commercial customers are the result both of the necessary extensive 

distribution network reaching to virtually every part of the country and every building, and also 

the fact that generating stations are increasingly located relatively far from population centers, 

which increases transmission costs.  Industrial customers generally pay the lowest average 

prices, reflecting both their proximity to generating stations and the fact that industrial 

customers receive electricity at higher voltages, which makes transmission more efficient and 

less expensive). Industrial customers frequently pay variable prices for electricity by the season 

and time of day, while residential and commercial prices historically have been less variable.  

Overall industrial customer prices are usually considerably closer to the wholesale marginal cost 

of generating electricity than residential and commercial prices. 
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On a state-by-state basis, all retail electricity prices vary considerably. In 2011 the 

national average retail electricity price (all sectors) was 9.90 cents/KWh, with a range from 6.44 

cents (Idaho) to 31.59 cents (Hawaii). The Northeast, California, and Alaska have average retail 

prices that can be as much as double those of other states (see Figure 2-4), and Hawaii has the 

most expensive retail price of electricity in the country. 

 

Figure 2-4.  Average Retail Electricity Price by State (cents/kWh), 2011 
 

Average national retail electricity prices increased between 2002 and 2012 by 36.7 

percent in nominal (current year $) terms.  The amount of increase differed for the three major 

end use categories (residential, commercial and industrial). National average residential prices 

increased the most (40.8 percent), and commercial prices increased the least (27.9 percent). 

The nominal year prices for 2002 through 2012 are shown in Figure 2-5.  
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Figure 2-5.  Nominal National Average Electricity Prices for Three Major End-Use Categories 

Source: EIA AEO 2012, Table 2.4 

Electricity prices for all three end-use categories increased more than overall inflation 

through this period, measured by either the Gross Domestic Product (GDP) implicit price 

deflator (23.5 percent) or the consumer price index (CPI-U, which increased by 27.7 percent)5. 

Most of these electricity price increases occurred between 2002 and 2008. Since 2008 nominal 

electricity prices have been relatively stable while overall inflation continued to increase.  The 

increase in nominal electricity prices for the major end use categories, as well as increases in 

the GDP price and CPI-U indices for comparison, are shown in Figure 2-6. 

                                                      
5 Source:  Federal Reserve Economic Data, FRB St. Louis. Available at http://research.stlouisfed.org/fred2/. 
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Figure 2-6.  Relative Increases in Nominal National Average Electricity Prices for Major End-
Use Categories, with Inflation Indices 

 

The real (inflation-adjusted) change in average national electricity prices can be 

calculated using the GDP implicit price deflator. Figure 2-7 shows real6 (2011$) electricity prices 

for the three major customer categories from 1960 to 2012, and Figure 2-8 shows the relative 

change in real electricity prices relative to the prices in 1960. As can be seen in the figures, the 

price for industrial customers has always been lower than for either residential or commercial 

customers, but the industrial price has been more volatile. While the industrial real price of 

electricity in 2012 was relatively unchanged from 1960, residential and commercial real prices 

are 23 percent and 28 percent lower respectively than in 1960. 

 

                                                      
6 All prices in this section are estimated as real 2011 prices adjusted using the GDP implicit price deflator unless 

otherwise indicated. 
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Figure 2-7.  Real National Average Electricity Prices (2011$) for Three Major End-Use 
Categories 

Source: EIA Monthly Energy Review, April 2015, Table 9.8 
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Figure 2-8.  Relative Change in Real National Average Electricity Prices (2011$) for Three 
Major End-Use Categories 
Source: EIA Monthly Energy Review, April 2015, Table 9.8 

2.3.2 Prices of Fossil Fuels Used for Generating Electricity 

Another important factor in the changes in electricity prices are the changes in fuel 

prices for the three major fossil fuels used in electricity generation: coal, natural gas and oil. 

Relative to real prices in 2002, the national average real price (in 2011$) of coal delivered to 

EGUs in 2012 had increased by 54 percent, while the real price of natural gas decreased by 22 

percent.  The real price of oil increased by 203 percent, but with oil declining as an EGU fuel (in 

2012 oil generated only 1 percent of electricity) the doubling of oil prices had little overall 

impact in the electricity market. The combined real delivered price of all fossil fuels in 2012 

increased by 23 percent over 2002 prices.  Figure 2-9 shows the relative changes in real price of 

all three fossil fuels between 2002 and 2012. 

 

-50%

-40%

-30%

-20%

-10%

0%

10%

20%

30%

40%

50%

60%

1960 1970 1980 1990 2000 2010

C
h

a
n

g
e
 in

 R
e

a
l 
E

le
ct

ri
ci

ty
 P

ri
ce

s

Relative Change in Electricity Prices,
1960-2014 (including taxes)

Residential Commercial Industrial Total



2-16 

 

Figure 2-9.  Relative Real Prices of Fossil Fuels for Electricity Generation and Change in 
National Average Real Price per MBtu Delivered to EGU 
Source: EIA AEO 2012, Table 9.9 

2.3.3 Changes in Electricity Intensity of the U.S. Economy Between 2002 to 2012 

An important aspect of the changes in electricity generation (i.e., electricity demand) 

between 2002 and 2012 is that while total net generation increased by 4.9 percent over that 

period, the demand growth for generation has been low, and in fact was lower than both the 

population growth (9.2 percent) and real GDP growth (19.8 percent).  Figure 2-10 shows the 

growth of electricity generation, population and real GDP during this period. 
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Figure 2-10.  Relative Growth of Electricity Generation, Population, and Real GDP Since 2002 
Sources: U.S. EIA Monthly Energy Review, December 2014. Table 7.2a Electricity Net Generation: Total (All 
Sectors).  U.S. Census.   

Because demand for electricity generation grew more slowly than both the population 

and GDP, the relative electric intensity of the U.S. economy improved (i.e., less electricity used 

per person and per real dollar of output) during 2002 to 2012.  On a per capita basis, real GDP 

per capita grew by 10.9 percent, increasing from $44,900 (in 2011$) per person in 2002 to 

$49,800 per person in 2012. At the same time electricity generation per capita decreased by 3.9 

percent, declining from 13.4 MWh per person in 2002 to 12.8 MWh per person in 2012.  The 

combined effect of these two changes improved the overall electricity efficiency of the U.S. 

economy. Electricity generation per dollar of real GDP decreased 12.5 percent, declining from 

299 MWh per $1 million of GDP to 261 MWh per $1 million GDP. These relative changes are 

shown in Figure 2-11. Figures 2-10 and 2-11 clearly show the effects of the 2007 ς 2009 

recession on both GDP and electricity generation, as well as the effects of the subsequent 

economic recovery. 
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Figure 2-11.  Relative Change of Real GDP, Population, and Electricity Generation Intensity 
Since 2002 
Sources: U.S. EIA Monthly Energy Review, December 2014. Table 7.2a Electricity Net Generation: Total (All 
Sectors).  U.S. Census 

2.4  Deregulation and Restructuring 

The process of restructuring and deregulation of wholesale and retail electric markets 

has changed the structure of the electric power industry. In addition to reorganizing asset 

management between companies, restructuring sought a functional unbundling of the 

generation, transmission, distribution, and ancillary services the power sector has historically 

provided, with the aim of enhancing competition in the generation segment of the industry. 

Beginning in the 1970s, government policy shifted against traditional regulatory 

approaches and in favor of deregulation for many important industries, including 

transportation (notably commercial airlines), communications, and energy, which were all 

thought to be natural monopolies (prior to 1970) that warranted governmental control of 

pricing. However, deregulation efforts in the power sector were most active during the 1990s. 

Some of the primary drivers for deregulation of electric power included the desire for more 

efficient investment choices, the economic incentive to provide least-cost electric rates through 

market competition, reduced costs of combustion turbine technology that opened the door for 

ƳƻǊŜ ŎƻƳǇŀƴƛŜǎ ǘƻ ǎŜƭƭ ǇƻǿŜǊ ǿƛǘƘ ǎƳŀƭƭŜǊ ƛƴǾŜǎǘƳŜƴǘǎΣ ŀƴŘ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ƳƻƴƛǘƻǊƛƴƎ ǳǘƛƭƛǘƛŜǎΩ 

cost of service and establishing cost-based rates for various customer classes. Deregulation and 

market restructuring in the power sector involved the divestiture of generation from utilities, 

the formation of organized wholesale spot energy markets with economic mechanisms for the 
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rationing of scarce transmission resources during periods of peak demand, the introduction of 

retail choice programs, and the establishment of new forms of market oversight and 

coordination. 

The pace of restructuring in the electric power industry slowed significantly in response 

to market volatility in California and financial turmoil associated with bankruptcy filings of key 

energy companies. By the end of 2001, restructuring had either been delayed or suspended in 

eight states that previously enacted legislation or issued regulatory orders for its 

implemeƴǘŀǘƛƻƴ όǎƘƻǿƴ ŀǎ ά{ǳǎǇŜƴŘŜŘέ ƛƴ CƛƎǳǊŜ н-12). Eighteen other states that had 

seriously explored the possibility of deregulation in 2000 reported no legislative or regulatory 

ŀŎǘƛǾƛǘȅ ƛƴ нллм ό9L!Σ нллоύ όάbƻǘ !ŎǘƛǾŜέ ƛƴ CƛƎǳǊŜ н-12). Currently, there are 15 states plus the 

District of Columbia where price deregulation of generation (restructuring) has occurred 

όά!ŎǘƛǾŜέ ƛƴ CƛƎǳǊŜ н-12). Power sector restructuring is more or less at a standstill; by 2010 there 

were no active proposals under review by the Federal Energy Regulatory Commission (FERC) for 

actions aimed at wider restructuring, and no additional states have begun retail deregulation 

activity since that time. 

 

Figure 2-12. Status of State Electricity Industry Restructuring Activities 
Source: 9L! нлмлΦ ά{ǘŀǘǳǎ ƻŦ 9ƭŜŎǘǊƛŎƛǘȅ wŜǎǘǊǳŎǘǳǊƛƴƎ ōȅ {ǘŀǘŜΦέ !ǾŀƛƭŀōƭŜ ƻƴƭƛƴŜ ŀǘΥ 

http://www.eia.gov/cneaf/electricity/page/restructuring/restructure_elect.html. 

One major effect of the restructuring and deregulation of the power sector was a 

significant change in type of ownership of electricity generating units in the states that 

deregulated prices.  Throughout most of the 20th century, electricity was supplied by vertically 

http://www.eia.gov/cneaf/electricity/page/restructuring/restructure_elect.html.
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integrated regulated utilities. The traditional integrated utilities controlled generation, 

transmission, and distribution in their designated areas, and prices were set by cost of service 

regulations set by state government agencies (e.g., Public Utility Commissions).  Deregulation 

and restructuring resulted in unbundling of the vertical integration structure. Transmission and 

distribution continued to operate as monopolies with cost of service regulation, while 

generation shifted to a mix of ownership affiliates of traditional utility ownership and some 

generation owned and operated by competitive companies known as Independent Power 

Producers (IPP). The resulting generating sector differed by state or region, as the power sector 

adapted to the restructuring and deregulation requirements in each state.  

By 2002, the major impacts of adapting to changes brought about by deregulation and 

restructuring during the 1990s were largely in place. The resulting ownership mix of generating 

capacity (MW) in 2002 was 62 percent of the generating capacity owned by traditional utilities, 

35 percent owned by IPPs,7 and 3 percent owned by commercial and industrial producers. The 

mix of electricity generated (MWh) was more heavily weighted towards the utilities, with a 

distribution in 2002 of 66 percent, 30 percent, and 4 percent for utilities, IPPs and 

commercial/industrial, respectively. 

Since 2002 IPPs have expanded faster than traditional utilities, substantially increasing 

their share by 2012 of both capacity (58 percent utility, 39 percent IPPs, and 3 percent 

commercial/industrial) and generation (58 percent, 38 percent, and 4 percent).  

The mix of capacity and generation in 2002 and 2012 for each of the ownership types is 

shown in Figures 2-13 (capacity) and 2-14 (generation).  The capacity and generation data for 

commercial and industrial owners are not shown on these figures due to the small magnitude 

of those ownership types. A portion of the shift of capacity and generation is due to sales and 

transfers of generation assets from traditional utilities to IPPs, rather than strictly the result of 

newly built units. 

  

                                                      
7 IPP data presented in this section include both combined and non-combined heat and power plants. 
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Figures 2-13 & 2-14. Capacity and Generation Mix by Ownership Type, 2002 & 2012 

Figures 2-15 and 2-16.  Generation Capacity Built and Retired between 2002 and 2012 by 
Ownership Type 
 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

Utility IPP

R
e
ti
re

d
 C

a
p

a
ci

ty
 (

M
W

)

Capacity Retirements 2002-2012
by Ownership Type

Coal Gas Wind & Solar Other

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

C
a

p
a

ci
ty

  
(M

W
)

Capacity Mix, 2002 & 2012

Nuclear Coal Gas Hydro Wind All Other

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

Utility IPP

N
e
w

 C
a

p
a

ci
ty

 (
M

W
)

Capacity Built 2002-2012
by Ownership Type

Coal Gas Wind & Solar Other

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

G
e
n

e
ra

tio
n

  
(G

W
h

)

Generation Mix, 2002 & 2012

Nuclear Coal Gas Hydro Wind All Other



2-22 

The mix of capacity by fuel types that have been built and retired between 2002 and 

2012 also varies significantly by type of ownership.  Figure 2-15 presents the new capacity built 

during that period, showing that IPPs built the majority of both new wind and solar generating 

capacity, as well as somewhat more natural gas capacity than the traditional utilities built.  

Figure 2-16 presents comparable data for the retired capacity, showing that utilities retired 

ƳƻǊŜ Ŏƻŀƭ ŀƴŘ άƻǘƘŜǊέ ŎŀǇŀŎƛǘȅ όƳƻǎǘƭȅ ƻƛƭ-fired) than IPPs retired, while the IPPs retired more 

natural gas capacity than the utilities retired. The retired gas capacity was primarily (60 

percent) steam and combustion turbines. 

2.5 Emissions of Greenhouse Gases from Electric Utilities 

The burning of fossil fuels, which generates about 69 percent of our electricity 

nationwide, results in emissions of greenhouse gases. The power sector is a major contributor 

of CO2 in particular, but also contributes to emissions of sulfur hexafluoride (SF6), methane 

(CH4), and nitrous oxide (N2O). In 2013, the electricity generation accounted for 38 percent of 

national CO2 emissions. Including both generation and transmission (a source of SF6), the power 

sector accounted for 31 percent of total nationwide greenhouse gas emissions, measured in 

CO2 equivalent. Table 2-5 and Figure 2-17 show the GHG emissions8  from the power sector 

relative to other major economic sectors. Table 2-6 shows the contributions of CO2 and other 

GHGs from the power sector and other major emitting economic sectors.  

  

                                                      
8 CO2 equivalent data in this section are calculated with the IPCC SAR (Second Assessment Report) GWP potential 

factors. 
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Table 2-5.  Domestic Emissions of Greenhouse Gases, by Economic Sector (million tons of 
CO2 equivalent) 

  2002 2013 Change Between '02 and '13 

Sector/Source 
GHG 

Emissions 

% Total 
GHG 

Emissions 
GHG 

Emissions 

% Total 
GHG 

Emissions 
Change in 
Emissions 

% Change 
in 

Emissions 

% of Total 
Change in 
Emissions 

Electric Power Industry 2,550 33% 2,289 31% -260 -10% 64% 

Transportation 2,158 28% 1,991 27% -167 -8% 41% 

Industry 1,564 20% 1,535 21% -29 -2% 7% 

Agriculture 618 8% 647 9% 29 5% -7% 

Commercial 402 5% 442 6% 40 10% -10% 

Residential 412 5% 413 6% 1 0% 0% 

U.S. Territories 58 <1% 38 <1% -19 -33% 5% 

Total GHG Emissions 7,762 100% 7,356 100% -406 -5% 100% 

Sinks and Reductions -976  -972  4 0%  

Net GHG Emissions 6,786  6,384  -402 -6%  

Source: EPA, 2015 άLƴǾŜƴǘƻǊȅ ƻŦ ¦Φ{Φ DǊŜŜƴƘƻǳǎŜ Dŀǎ 9Ƴƛǎǎƛƻƴǎ ŀƴŘ {ƛƴƪǎΥ мффл-2013έΣ ¢ŀōƭŜ н-12. Includes CO2, 
CH4, N2O and SF6 emissions.  

 

 

Figure 2-17.  Domestic Emissions of Greenhouse Gases from Major Sectors, 2002 and 2013 
(million tons of CO2 equivalent) 
Source: EPA, 2015 άLƴǾŜƴǘƻǊȅ ƻŦ ¦Φ{Φ DǊŜŜƴƘƻǳǎŜ Dŀǎ 9Ƴƛǎǎƛƻƴǎ ŀƴŘ {ƛƴƪǎΥ мффл-2013έΣ ¢ŀōƭŜ н-12 
Not Shown: CO2e emissions from U.S. Territories. 
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The amount of CO2 emitted during the combustion of fossil fuels varies according to the 

carbon content and heating value of the fuel used. The CO2 emission factors used in IPM v5.14 

(same as used in v5.13) are shown in Table 2-7. Coal has higher carbon content than oil or 

natural gas, and thus releases more CO2 during combustion. Coal emits about 1.7 times as 

much carbon per unit of energy when burned as natural gas does (EPA 2013). 

Table 2-6.  Greenhouse Gas Emissions from the Electricity Sector (Generation, Transmission 
and Distribution), 2002 and 2013 (million tons of CO2 equivalent) 

  

2002 2013 

Change Between '02 and 
'13 

Gas/Fuel Type or Source GHG 
Emissions 

% of Total 
GHG 

Emissions 
from Power 

Sector 

GHG 
Emissions 

% of Total 
GHG 

Emissions 
from Power 

Sector 

Change in 
GHG 

Emissions 

% Change 
in 

Emissions 

CO2  2,521 98.9% 2,262 98.8% -259 -10% 

 Fossil Fuel Combustion 2,505 98.2% 2,248 98.2% -257 -10% 

 Coal 2,083 81.7% 1,736 75.8% -347 -17% 

 Natural Gas 337 13.22% 487 21.28% 150 45% 

 Petroleum 84.7 3.32% 24.7 1.08% -60.0 -71% 

 Geothermal 0.4 0.02% 0.4 0.02% 0.0 0% 

 Incineration of Waste 13.0 0.51% 11.1 0.49% -1.9 -14% 

 Other Process Uses of 
Carbonates 

2.9 0.11% 2.4 0.11% -0.4 -15% 

CH4  0.4 0.02% 0.4 0.02% 0.0 0% 

 Stationary 
Combustion* 

0.4 0.02% 0.4 0.02% 0.0 0% 

 Incineration of Waste +  +     

N2O  13.7 0.54% 21.4 0.93% 7.7 56% 

 Stationary 
Combustion* 

13.2 0.52% 21.1 0.92% 7.8 59% 

 Incineration of Waste 0.4 0.02% 0.3 0.01% -0.1 -25% 

SF6  14.7 0.57% 5.6 0.25% -9.0 -62% 

 Electrical Transmission 
and Distribution 

14.7 0.57% 5.6 0.25% -9.0 -62% 

Total GHG Emissions 2,550  2,289  -260  

Source: EPA, 2015 άLƴǾŜƴǘƻǊȅ ƻŦ ¦Φ{Φ DǊŜŜƴƘƻǳǎŜ Dŀǎ 9Ƴƛǎǎƛƻƴǎ ŀƴŘ {ƛƴƪǎΥ мффл-2013έΣ ¢ŀōƭŜ н-11 

* Includes only stationary combustion emissions related to the generation of electricity. 

** SF6 is not covered by this rule, which specifically regulates CO2 emissions from combustion. 

+ Does not exceed 0.05 Tg CO2 Eq. or 0.05 percent. 
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Table 2-7. Fossil Fuel Emission Factors in the EPA Base Case 5.14 IPM Power Sector 
Modeling Application 

Fuel Type Carbon Dioxide (lb/MMBtu) 

Coal   

Bituminous  202.8 ς 209.6 

Subbituminous  209.2 ς 215.8 

Lignite  212.6 ς 219. 

Natural Gas  117.1 

Fuel Oil   

Distillate  161.4 

Residual  161.4 ς 173.9 

Biomass 195 

Waste Fuels   

Waste Coal  204.7 

Petroleum Coke  225.1 

Fossil Waste  321.1 

Non-Fossil Waste  0 

Tires  189.5 

Municipal Solid Waste  91.9 

Source: Documentation for IPM Base Case v.5.13, Table 11-5. The emission factors used in Base Case 5.14 are 

identical to the emission factors in IPM Base Case 5.13. 

Note: CO2 emissions presented here for biomass account for combustion only and do not reflect emissions from 
initial photosynthesis (carbon sink) or harvesting activities and transportation (carbon source). 

2.6  Carbon Dioxide Control Technologies  

In the power sector, current approaches available for significantly reducing the CO2 

emissions of new fossil fuel combustion sources to meet a 1,400 lb CO2/MWh emission rate 

include the use of: (1) highly efficient coal-fired generation (e.g., modern supercritical or ultra-

supercritical steam units) with partial carbon capture and storage (CCS), (2) highly efficient coal-

fired designs (e.g., modern supercritical or ultra-supercritical steam units) with up to 40 percent 

natural gas co-firing, (3), integrated coal gasification combined cycle (IGCC) co-firing with up to 

10 percent natural gas, and/or (4) natural gas combined cycle (NGCC)  combustion 

turbine/steam-turbine units. 

Investment decisions for the optimal choice of the type of new generating capacity 

capable of meeting the 1,400 lb CO2/MWh standard of performance depend in part on the 

intended primary use of new generating capacity.  Daily peak electricity demands, involving 

operation for relatively few hours per year, are often most economically met by simple-cycle 
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combustion turbines (CT). Stationary CTs used for power generation can be installed quickly, at 

relatively low capital cost. They can be remotely started and loaded quickly, and can follow 

rapid demand changes. Full-load efficiencies of large current technology CTs are typically 30-33 

percent but can be has high as 40 percent or more (high heating value basis), as compared to 

efficiencies of 50 percent or more for new combined-cycle units that recover and use the 

exhaust heat otherwise wasted from a CT.  A simple-ŎȅŎƭŜ /¢Ωǎ ƭƻǿŜǊ ŜŦŦƛŎƛŜƴŎȅ ŎŀǳǎŜǎ ƛǘ ǘƻ ōǳǊƴ 

much more fuel to produce a MWh of electricity than a combined-cycle unit. Thus, when 

burning natural gas its CO2 emission rate per MWh could be 40-60 percent higher than a more 

efficient NGCC unit.  

Base load electricity demand can be met with NGCC generation, coal and other fossil-

fired steam generation, and IGCC technology, as well as generation from sources that do not 

emit CO2, such as nuclear and hydro.  IGCC employs the use of a gasifier to transform fossil fuels 

ƛƴǘƻ ǎȅƴǘƘŜǎƛǎ Ǝŀǎ όάǎȅƴƎŀǎέύ ŀƴŘ ƘŜŀǘΦ  ¢ƘŜ ǎȅƴƎŀǎ ƛǎ ǳǎŜŘ ǘƻ ŦǳŜƭ ŀ ŎƻƳōƛƴŜŘ ŎȅŎƭŜ ƎŜƴŜǊŀǘƻǊΣ 

and the heat from the syngas conversion can produce steam for the steam turbine portion of 

the combined cycle generator.  Electricity can be generated through this IGCC process 

somewhat more efficiently than through conventional boiler-steam generators.  Additionally, 

with gasification, some of the syngas can be converted into other marketable products such as 

fertilizers and chemical feedstocks for processes to manufacture liquid hydrocarbons (e.g., fuels 

and lubricants), and CO2 can be captured for use in EOR.  Figure 2-18 shows the array of 

products (including electricity) and by-products that can be produced in a syngas process. 
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Figure 2-18.  Marketable products from Syngas Generation 

Source: National Energy Technology Lab. Gasifipedia.  Available at http://www.netl.doe.gov/research/coal/energy-
systems/gasification/gasifipedia/co-generation 

2.6.1  Carbon Capture and Storage 

CCS can be achieved through either pre-combustion or post-combustion capture of CO2 

from a gas stream associated with the fuel combusted. Furthermore, CCS can be designed and 

operated for full capture of the CO2 in the gas stream (i.e., above 90 percent) or for partial 

capture (below 90 percent). Post-combustion capture processes remove CO2 from the exhaust 

gas of a combustion system ς ǎǳŎƘ ŀǎ ŀ ǳǘƛƭƛǘȅ ōƻƛƭŜǊΦ Lǘ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǇƻǎǘ-combustion 

ŎŀǇǘǳǊŜέ ōŜŎŀǳǎŜ ǘƘŜ /h2 is the product of the combustion of the primary fuel and the capture 

takes place after the combustion of that fuel. This process is illustrated for a pulverized coal 

power plant in Figure 2-19 and described in more detail in the preamble. (See preamble section 

V.D.) For post-combustion, a station's net generating output will be lower due to the energy 

needs of the capture process. 

  
































































































































































































































